Introduction
============

Unstable angina is a common disease in clinic, which frequently occurs in the middle-aged and elderly people, and will easily develop into myocardial infarction if not treated in time. In recent years, with the increase of social pressure on middle-aged people and the increase of aging population, the incidence rate of unstable angina has also shown an increasing trend year by year. Studies have also revealed that angina is possibly related to obesity and familial inheritance ([@b1-etm-0-0-7918],[@b2-etm-0-0-7918]). Coronary atherosclerosis can lead to stenosis of vascular lumen, and ischemic necrosis occurs easily in the myocardium with underdeveloped collateral circulation, thus resulting in myocardial infarction. Atheromatous plaques are mainly composed of cholesterol and cholesteryl ester characterized by high brittleness, which, under the influence of heart rate, blood pressure and myocardial contractility, will rupture or fall off easily and flow with the blood, blocking small blood vessels or capillaries, forming thrombus and aggravating myocardial infarction ([@b3-etm-0-0-7918]--[@b5-etm-0-0-7918]). Currently, conservative medical therapy is dominated in the treatment of unstable angina, such as anti-platelet aggregation, dilatation of coronary artery and lipid lowering. According to the research on pathogenesis of unstable angina, the inflammatory response-induced decline in the stability of atherosclerotic plaque, platelet activation and aggregation are important conditions causing the disease, so alleviating inflammatory response, improving plaque stability and inhibiting platelet activation are important measures to prevent the progression of unstable angina and reduce the risk of myocardial infarction ([@b6-etm-0-0-7918],[@b7-etm-0-0-7918]).

Nicorandil is a nitrate drug with an effect of opening potassium ion channel possessing anti-inflammatory, anti-oxidation and endothelium protective functions ([@b8-etm-0-0-7918]). Therefore, it has been widely applied in the treatment after interventional operation of coronary heart disease, achieving positive curative effects ([@b9-etm-0-0-7918]). However, the value of nicorandil in the treatment of unstable angina remains unclear. Thus, the effects of nicorandil on inflammatory factors, platelet and myocardial antioxidant function in patients with unstable angina were studied.

Patients and methods
====================

### Basic data

A total of 157 patients diagnosed with unstable angina in the First People\'s Hospital of FoShan (Affiliated FoShan Hospital of Sun Yat-sen University; Foshan, China) from 2012 to 2017 were selected ([@b10-etm-0-0-7918]). The patients were numbered as 1, 2, 3....157 and then divided into even and odd number group, then further defined as experimental and control group, respectively. Considering that several patients in the control group were unstable angina pectoris accompanied with myocardial infarction, these patients were included in the experimental group. Finally, 73 patients in the control group and 84 patients in the experimental group were included. Basic data, such as age, sex, familial genetic history, obesity index and underlying complications, including diseases associated with unstable angina, including myocardial infarction, coronary heart disease, hypertension, liver diseases (fatty liver, high cholesterol and gallstone) and diabetes, were comparable between the two groups of patients (P\>0.05).

The study was approved by the Ethics Committee of the First People\'s Hospital of FoShan (Affiliated FoShan Hospital of Sun Yat-sen University). Patients who participated in this research had complete clinical data. The signed informed consents were obtained from the patients or the guardians.

### Treatment methods

At the beginning of treatment, patients in both groups were orally administered conventional drugs for angina, including aspirin tablets + metoprolol + atorvastatin + isosorbide dinitrate. Patients were asked to take nitroglycerin under tongue at the onset of angina. Hypertension patients were given antihypertensive drugs, and hyperlipidemia patients took statins for lipid-lowering treatment. Patients in the experimental group, based on conventional drug treatment, were orally administered nicorandil tablets (15 mg/day, 5 mg/tablet, H20080418, Asahi Kasei Corporation), t.i.d., for 21 days as one course of treatment.

### Observation indexes

Before and after treatment, venous blood was collected and EDTA was added for anticoagulation. Then the blood was centrifuged at 2,000 × g for 10 min at 4°C. Changes in levels of matrix metalloproteinase-9 (MMP-9; ELISA kit), high-sensitivity C-reactive protein (hs-CRP; C-SPOT kit), superoxide dismutase (SOD; ELISA kit) and malondialdehyde (MDA; C-SPOT kit) in the supernatant were detected via enzyme-linked immunosorbent assay (ELISA). The platelet function was detected through labeling and screening platelet fluorescence antibodies, such as CD63, CD42b and GP-VI. Moreover, parameters in thromboelastogram, such as coagulation response time (R), formation time of coagulation block (K), thrombosis rate (Angle), comprehensive coagulation index (CI) and maximum amplitude (MA), were measured using a coagulation analyzer (TEG-5000, Haemonetics). Angle represents the rate angle of hemocyte agglutination, which indicates the angle between tangent line and horizontal line from the forming point to the maximum curve Radian of the marker map. MA represents the maximum strength or hardness of the clot and the stable form of the clot. All experimental operations were carried out by specialized technicians in strict accordance with the steps of the kit, and the experimental data were repeated three times to take the average value.

MMP-9 and hs-CRP as anti-inflammatory factor in the blood can reflect the occurrence and level of inflammation in the blood. SOD and MDA are reductive substances in cells representing the strength of antioxidant capacity of cardiomyocytes. Coagulation reaction time, clotting time, thrombus formation rate, synthetic coagulation index and maximum amplitude were the parameters of platelet coagulation function. These parameters were selected to represent the levels of inflammation, myocardial antioxidant capacity and platelet function in patients with unstable angina pectoris. These parameters were easy to detect, and had little damage to the patients.

### Statistical analysis

SPSS17.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Chi-square test was used for counting data and paired t-test was used for measuring data. P\<0.05 was considered as the difference with statistical significance.

Results
=======

### Comparison of basic data between the two groups of patients

Basic data, including sex, age, body mass index, familial genetic history, basic disease had no statistically significant differences between the two groups of patients, and they were comparable (P\>0.05) ([Table I](#tI-etm-0-0-7918){ref-type="table"}).

### Comparison of platelet function between the two groups of patients

After treatment, the platelet function was compared between the two groups of patients. Results revealed that expression of platelet membrane glycoproteins GP-VI, CD42b, PAC-1 and CD63 in the experimental group was 31.7±6.72, 27.8±5.33, 21.54±3.28 and 36.7±8.25, respectively, which is lower than those in control group (P\<0.05), while R and K in the experimental group were longer than those in control group, showing statistically significant differences (P\<0.05). The above indicates that the experimental group can inhibit better the activation and the platelet function ([Table II](#tII-etm-0-0-7918){ref-type="table"} and [Figs. 1](#f1-etm-0-0-7918){ref-type="fig"} and [2](#f2-etm-0-0-7918){ref-type="fig"}).

### Comparison of serum hs-CRP and MMP-9 levels between the two groups of patients

After treatment for 21 days, levels of serum hs-CRP and MMP-9 in both groups of patients declined compared with those before treatment. Levels of (6.07±0.94) and MMP-9 (49.2±6.22) in the experimental group declined more significantly than those in control group (t=12.93 and 8.95, P\<0.05), and differences were statistically significant, indicating that nicorandil can significantly reduce levels of serum hs-CRP and MMP-9 in patients with unstable angina and inhibited the activation of platelet by serum inflammatory factors ([Table III](#tIII-etm-0-0-7918){ref-type="table"}).

### Comparison of myocardial antioxidant function between the two groups of patients

Levels of serum anti-oxidation molecules MDA and SOD were compared between the two groups of patients after treatment. Results manifested that the serum SOD level was increased, while the MDA level declined (results are not shown) in both groups compared with those before treatment. Changes in levels of anti-oxidation molecules were more significant in the experimental group compared with those in control group (P\<0.05) ([Fig. 3](#f3-etm-0-0-7918){ref-type="fig"}).

Discussion
==========

Stable angina will develop into unstable angina with the increased frequency of pain, increase of precipitating factors and progressive aggravation due to a variety of factors ([@b11-etm-0-0-7918],[@b12-etm-0-0-7918]). Due to the instability of local coronary artery lesions in patients and other factors, the frequency, degree and precipitating factors of angina are often changed, the pain will aggravate or return to stability, and unstable angina may develop into myocardial infarction in late stage ([@b13-etm-0-0-7918]), affecting the normal life and work of patients. Currently, conservative medical therapy dominates the treatment of unstable angina, including anticoagulation therapy, inhibition of platelet aggregation and activation, lipid-regulating drugs, blood pressure lowering, thrombolytic therapy and dilation of blood vessels. High-risk patients may also be treated with emergency interventional therapy or emergency coronary artery bypass grafting ([@b14-etm-0-0-7918]--[@b16-etm-0-0-7918]). In conservative medical therapy, nicorandil is often applied as an adjuvant drug for unstable angina, which, as a nitrate drug with an effect of opening potassium ion channel, it can reduce the level of calcium ion through activating guanylate-activating enzymein cells, thereby relaxing the vascular smooth muscle and dilating the coronary artery ([@b17-etm-0-0-7918],[@b18-etm-0-0-7918]). In addition, nicorandil also possesses anti-inflammatory, anti-oxidation and endothelium protective functions. However, nicorandil has adverse reactions such as inducing mucosal ulcer, and it easily leads to hemorrhage and infection in patients ([@b19-etm-0-0-7918],[@b20-etm-0-0-7918]), so there is still a certain risk in the clinical application of nicorandil in the treatment of unstable angina, and further in-depth research is needed.

The occurrence and development of unstable angina is a complex process involving a variety of predisposing factors. Atherosclerotic plaque, myocardial ischemia and viscous blood lipid can induce unstable angina, in which platelet activation and aggregation play key roles. After the rupture of atherosclerotic plaque, the collagen under the vascular endothelium is exposed, activating and aggregating platelets. Platelets aggregate around the plaque and release a large number of inflammatory factors, accelerating the formation of thrombus, leading to stenosis of coronary arterial lumen and reducing the blood flow, thereby resulting in insufficient myocardial blood supply. At the same time, platelets will also release inflammatory factors into the blood after activation, and then these inflammatory factors can change the texture and stability of atherosclerotic plaque, induce the rupture of atherosclerotic plaque, and promote the formation of thrombus. In addition, oxygen free radicals can also induce the expression of inflammatory cytokines in endothelial cells, increasing the incidence of cardiovascular and cerebrovascular diseases. SOD can scavenge the superoxide ion by disproportionation and reduce the damage of the endothelial cells caused by oxygen free radicals. Therefore, anti-inflammation, and inhibition of platelet activation and reducing oxygen free radicals are the most important links in the treatment process of patients with unstable angina. This study investigated the effects of nicorandil on platelet activation, inflammatory factors and myocardial antioxidant function in patients with unstable angina, so as to provide clinical data support for the treatment of patients with unstable angina.

Collectively, it was found that expression of platelet membrane glycoproteins CD63, PAC-1, CD42b and GP-VI obviously declined in patients taking nicorandil, and R and K in peripheral blood were longer than those in patients who did not take nicorandil, while Angle, MA, and CI were lower than those in patients who did not take nicorandil, indicating that nicorandil can inhibit platelet activation and reduce thrombosis rate and capacity in patients with unstable angina. Moreover, results of blood biochemical study revealed that the decline in the content of serum CRP and MMP-9 in experimental group was more significant than that in control group, suggesting that nicorandil has a certain effect of reducing the inflammatory response in patients with unstable angina. In the analysis of myocardial antioxidant function of patients, changes in levels of anti-oxidation factors MDA and SOD were also compared between experimental group and control group. Results manifested that after treatment, the level of SOD in the experimental group was higher than that in the control group, and the decreasing level of MDA was also higher than that in the control group (P\<0.05), indicating that nicorandil has a certain effect of increasing myocardial anti-oxidation factors, improving myocardial anti-oxidation level and protecting myocardium. At present, nicorandil can be used not only in patients with hypertension, but also in patients with angina pectoris, but the therapeutic effect of nicorandil in patients with unstable colic needs to be further studied. The side effect of nicorandil is mainly headache, dizziness and other adverse reactions. The comprehensive drug effect and metabolism in patients with unstable angina pectoris are worthy of further study.

In conclusion, nicorandil can help reduce inflammatory response, inhibit platelet function, increase myocardial anti-oxidation level and improve therapeutic efficacy of patients with unstable angina, which is worthy of further promotion and application in clinic.
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###### 

Comparison of basic data between the two groups of patients.

  Item                          Control group (n=73)   Experimental group (n=84)   t/F/χ^2^-value   P-value
  ----------------------------- ---------------------- --------------------------- ---------------- ---------
  Sex (male/female)             34/39                  34/50                       0.55             0.36
  Age (years)                   56.7±11.5              58.6±10.8                   2.19             0.76
  Body mass index ≥25 kg/m^2^   27                     33                          0.02             0.76
  Familial genetic history      15                     23                          0.65             0.31
  Basic disease                                                                                     
    Myocardial infarction       34                     45                          0.51             0.38
    Coronary heart disease      32                     48                          2.26             0.09
    Hypertension                26                     31                          1.12             0.86
    Liver disease                 7                    12                          0.43             0.36
    Diabetes                      4                      6                         0.009            0.67

###### 

Comparison of platelet parameters between the two groups of patients.

  Groups                GP-VI                                                     CD42b                                                     PAC-1                                                      CD63
  --------------------- --------------------------------------------------------- --------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------
  Control (n=73)        77.5±13.64                                                49.6±7.29                                                 41.7±8.59                                                  63.16±9.27
  Experimental (n=84)   31.7±6.72^[a](#tfn2-etm-0-0-7918){ref-type="table-fn"}^   27.8±5.33^[a](#tfn2-etm-0-0-7918){ref-type="table-fn"}^   21.54±3.28^[a](#tfn2-etm-0-0-7918){ref-type="table-fn"}^   36.7±8.25^[a](#tfn2-etm-0-0-7918){ref-type="table-fn"}^

GP-VI, glycoprotein VI. PAC, platelet-associated complement.

P\<0.05, compared with control group.

###### 

Comparison of serum hs-CRP and MMP-9 levels between the two groups of patients.

                        hs-CRP (ng/ml)   MMP-9 (pg/ml)                                                            
  --------------------- ---------------- --------------------------------------------------------- -------------- ---------------------------------------------------------
  Control (n=73)        16.36±1.33       9.14±1.23                                                 227.63±36.81   82.9±9.48
  Experimental (n=84)   16.87±1.54       6.07±0.94^[a](#tfn3-etm-0-0-7918){ref-type="table-fn"}^   233.73±32.55   49.2±6.22^[a](#tfn3-etm-0-0-7918){ref-type="table-fn"}^

P\<0.05, compared to control group; MMP-9, matrix metalloproteinase-9; hs-CRP, high-sensitivity C-reactive protein.
